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INTRODUCTION {#s1}
============

The ability of infants to detect, discriminate, and process facial expressions has been debated for some time ([@R4]; [@R8]). In recent years this debate has been enhanced by evidence from adult cognitive neuroscience studies supporting the idea of a "quick and dirty" brain route for detecting some facial expressions that modulates the slower and more detailed cortical analysis of facial information ([@R2]; [@R3]; [@R5]; [@R10]). Specifically, this rapid route may depend on low spatial frequency information and be mediated by subcortical structures such as the superior colliculus, pulvinar, and amygdala (see [@R10]). Given the lack of maturity in the cerebral cortex of the newborn human infant, one possibility is that this putative "quick and dirty" route guides the responses of newborns to some facial expressions, as well as orienting them to neutral faces in their visual environment ([@R10]).

Many studies have been conducted on the development of the recognition of facial expressions during infancy (see [@R7], for a review). Nevertheless, no clear conclusions can be drawn, and many questions remain. The first question concerns which expressions can be discriminated in the first few days after birth, and whether there is a particular expression that is preferred over others. A second question concerns what information is used by the infants to guide their preference. A third question that remains is at which age infants start to discriminate between different facial expressions.

While studies have mapped the development of the recognition of facial expressions during infancy and childhood (e.g., [@R16]), the issue of whether newborns can detect facial expressions has remained controversial. For example, [@R11], [@R12]) presented evidence that newborns can match their own facial expressions to a model face showing happiness, surprise, or sadness. However, an attempt to replicate these results with an improved procedure designed to eliminate experimenter error or unintentional bias failed to confirm the earlier report ([@R15]). Kaitz and colleagues showed newborns live faces that displayed different facial expressions or tongue protrusion. Two coders, blind as to the facial gesture being displayed, observed the newborn and coded their mouth and eye movements. These authors did not find evidence for selective imitation of emotional facial expressions since the newborns' facial movements did not vary with the different modelled expressions, and the observers were unable to guess the modelled expression by viewing the infants' faces. Importantly, this was not due to the sensitivity of the technique since significant evidence of matching to modelled tongue protrusion was found.

Given that newborns' ability to discriminate facial expressions remains controversial, we conducted three experiments in which we ascertained newborns' preferences, and ability to discriminate between, neutral, fearful, and happy facial expressions.

EXPERIMENT 1 {#s2}
============

Evidence from adult cognitive neuroscience indicates that fearful faces may maximally engage rapid and subcortical processing ([@R2]; [@R3]). Given the possibility of unique processing of this facial expression, it is possible that newborns would be maximally sensitive to faces that display fear. In addition, the fearful expression contains wide eyes and an open mouth, and may therefore represent an enhancement of the features that orient newborns toward faces in general ([@R10]). Thus, it is possible that the mechanisms that ensure that newborns orient toward faces ([@R14]) and faces with direct gaze ([@R9]), may also cause them to preferentially orient to faces displaying fear. Such a preference has previously been observed in older infants ([@R18]). An alternative possibility is that newborns, like older infants, find fearful faces aversive, and will thus display a preference for a neutral expression. Thus, in Experiment 1, we tested newborn infants to establish if they have a spontaneous preference for fearful versus neutral facial expressions.

Participants {#s2a}
------------

Twenty-five normal, healthy, full-term newborns were selected from the maternity ward of the Pediatric Unit of the Hospital of Monfalcone. Eight babies were excluded from the final sample for various reasons. Four changed state during the experiment, one baby showed a strong side bias (they turned more than 85% of the time in one direction), and three others were excluded due to technical errors.

The 17 babies that completed the study met the screening criteria of normal delivery, a birth-weight between 2700 and 4270 g, and an Apgar score of at least 8 at 5 minutes. All were healthy and free of any known neurological or ocular abnormality. They were tested after the first 24 hours of life, the range of ages at time of test being from 24 -- 96 hours postnatal (mean age of 46 hours). The testing took place during the hour proceeding the scheduled feeding time, if the baby was awake and in an alert state. Informed consent was obtained from the parents.

Apparatus and stimuli {#s2b}
---------------------

The infants sat on the adult\'s lap 35 cm distant from a translucent screen. The baby holder was not actively involved in the experiment, was unaware of the hypothesis being tested in the experiment, and was not one of the authors. The newborn\'s eye level was aligned to the centre of the screen at the same level as the eyes of the faces. A video camera focused on the infant\'s face allowing the experimenter to monitor their eye movements. Infants were shown two pictures of the same person\'s face, one on the right and one on the left of the centre of the screen. One of the faces had a neutral face (no emotion) and the other had a fearful expression; both faces had a straight head and direct gaze (see [Figure 1](#F1){ref-type="fig"}). Two different identity faces were used, but each newborn saw only one of them (randomly assigned, face (a) or face (b)). The faces were of different ethnic origin in order to allow us to generalize the results obtained. Face (a) subtended a visual angle of 20.2 × 31.1 degrees, and the external contour of the eyes 4.1 × 1.6 degrees in the case of neutral face and 4.1 × 2.8 degrees in the case of the fearful face (e.g., life-size as viewed from 35 cm distance). Face (b) subtended a visual angle of 19.5 × 32.7 degrees, and the external contour of the eyes 4.9 × 1.6 degrees in the case of neutral face and 4.5 × 2.6 degrees in the case of the fearful face. In both stimuli the pupil was 1 cm in diameter. The two faces were 15.5 cm apart.

![Stimuli used in Experiment 1. Half of the newborns saw photographic images of one face identity (a) and the other half saw the other face (b).](pedp4-2_f1){#F1}

Procedure {#s2c}
---------

Once the newborn was seated in front of the screen, as soon as she/he fixated the centre of the screen, the experimenter (who watched the newborn\'s eyes via a video monitor system) initiated a trial and presented the faces on the screen. The faces remained on for as long as the infant fixated on one of them (infant-control procedure). When the infants shifted their gaze away from the display for more than 10 s, the experimenter removed the faces and presented the next trial. In the second trial the location of the neutral and fear faces was reversed. Two trials were presented to the newborn with one left-to-right-reversal. This procedure has previously been used with newborns (e.g., [@R27]). Two pseudorandom presentation sequences were used in which half of the infants saw a neutral face to the right and half to the left. Videotapes of the baby\'s eye movements throughout the trial were subsequently analysed by two coders blind as to the location of direct and averted gaze faces. The coders recorded, separately for each stimulus and each trial, the number of orienting responses and the total fixation time (interrater reliability for 10% of the total participants, Cohen\'s kappa = .88 for the duration of fixation and .90 for the number of orientations). While the coders could see the corneal reflection of the stimulus face (to help establish fixation), they could not see the details of the face, and they were blind as to expression being displayed.

Results and discussion {#s2d}
----------------------

Preliminary statistical analyses showed no effects of order of presentation. As a consequence, data for each condition (neutral vs fearful face) were collapsed across this factor.

Two separate parametric tests were performed to compare the average total fixation time for each stimulus (neutral face vs fearful face) and the number of orientations in direction of each stimulus. Newborns did not show a significant difference in the total looking time at the neutral face (*M* = 51.7 s, *SD* = 27.9) or at the fearful face (*M* = 43.4 s, *SD* = 16.9), and they did not orient more frequently to either of the two facial expressions (*M* = 20.35, *SD* = 7.2 for the neutral face, and *M* = 17.41, *SD* = 7.5 for the fearful face).

Thus, in Experiment 1, newborns did not show any preference for one facial expression over the other. The next question that we investigated is whether newborns are able to discriminate between a face with a fearful expression and a neutral face.

EXPERIMENT 2 {#s3}
============

One obvious reason why newborns show no preference between fearful and neutral facial expressions is that they may not be able to discriminate between these stimuli. Alternatively, they may be able to discriminate between them, but they categorize and process them in the same way. Further, visual habituation may sometimes be a more sensitive technique for revealing newborn perceptual processing than preference measures. Therefore, in Experiment 2, we sought to determine whether newborns could discriminate between the two stimuli presented in Experiment 1 using a visual habituation and discrimination method.

Participants {#s3a}
------------

Seventeen normal, healthy, full-term newborns were selected from the maternity ward of the Pediatric Unit of the Hospital of Monfalcone. Three babies were excluded from the final sample for various reasons. Two changed state during the experiment, one baby showed a strong side bias (they turned more than 85% of the time in one direction). The final sample consisted of 14 newborns. All of them met the screening criteria of normal delivery, a birth weight between 2610 and 3920 g, and a 5 minute Apgar score above 8. Infants were tested after the first 24 hours of life. Their ages at the time of testing ranged from approximately 24 to 120 hours (*M* = 56 h). Informed consent was obtained from the parents.

Apparatus and stimuli {#s3b}
---------------------

The apparatus and the stimuli were the same as these used in Experiment 1. During the habituation phase the newborns viewed pairs of identical face stimuli (same identity, same expression, one on the right and one on the left of the screen) with either a neutral expression or a fearful expression. During the test phase the two different expressions of the same identity face were presented bilaterally.

Procedure {#s3c}
---------

The experiment was carried out using a visual habituation technique with the infant-control procedure ([@R25]). The newborn was judged to have habituated when, from the fourth fixation on, the sum of any three consecutive fixations was 50% or less than the total of the first three fixations. When the habituation criterion was reached, the stimulus was automatically turned off and a preference test phase started.

The habituation with one of the two expressions was followed by a preference test in which a preference could be expressed between the familiar face expression (either neutral or fearful face) and the novel one. The two test stimuli were shown in both left and right positions, the positions being reversed from the first to the second presentation.

Results and discussion {#s3d}
----------------------

During the habituation phase, the average total fixation time was 70.2 s (*SD* = 21.6) for the neutral expression and 72.0 s (*SD* = 27.4) for the fearful expression.

During the test phase, to test whether the infants were able to recognize the face seen previously, a 2 × 2 ANOVA was performed with the Stimulus Condition (familiar vs novel) and the Order Presentation (first vs second presentation) as within-subject factors. Only the order of presentation was significant, showing that the newborns looked more during the first presentation than the second one, independently of the stimulus condition, *F*(1, 13) = 9.413, *p* = .009. Most importantly, no significant effect of stimulus condition or interaction was found, showing that the newborns were unable to discriminate between the neutral and fearful faces.

Experiments 1 and 2 revealed no evidence that newborns prefer or discriminate fearful from neutral facial expressions. One possibility is that these stimuli are simply not discriminable to newborns. However, given their sensitivity to direction of eye gaze ([@R9]) and individual identity ([@R19]; [@R20]), this seems unlikely. A more intriguing possibility is that fearful and neutral expressions are discriminable, but are processed or categorized in the same way by newborns. This could be consistent with a perceptual learning view pointing to their lack of experience with fearful expressions, or with the view that fearful and neutral expressions both equally engage the primitive face detection mechanisms underlying their behaviour ([@R10]).

EXPERIMENT 3 {#s4}
============

Since the first experiments failed to provide evidence for discrimination or preference between different facial expressions in newborns, in the next experiment we decided to compare the fearful expression to a happy facial expression. This comparison was selected for two reasons. First, contrasting fearful with happy may increase the perceptual distance between the stimuli as compared to the earlier pair. Second, although our healthy newborns had very limited experience of faces, this experience was likely to include happy and smiling faces.

Participants {#s4a}
------------

Twenty-one normal, healthy, full-term newborns were selected from the maternity ward of the Pediatric Unit of the Hospital of Monfalcone. Nine babies were excluded from the final sample for various reasons. Five changed state during the experiment, three were excluded due to technical errors, and one for being more than two standard deviations beyond the mean average fixation time. The final sample consisted of 12 newborns. All of them met the screening criteria of normal delivery, a birth weight between 2300 and 4480 g, and a 5 minute Apgar score above 8. Infants were tested after the first 24 hours of life. Their ages at the time of testing ranged from approximately 31 to 87 hours (*M* = 54 h). Informed consent was obtained from the parents.

Apparatus and stimuli {#s4b}
---------------------

The apparatus was the same as that used in Experiment 1. Infants were shown two pictures of the same person\'s face, one on the right and one on the left of the centre of the screen. One of the faces had a happy expression and the other had a fearful expression, both with a straight head and direct gaze (see [Figure 2](#F2){ref-type="fig"}). The face subtended a visual angle of 19.5 × 32.7 degrees, and the external contour of the eyes 4.5 × 2.3 degrees in the case of the happy face and 4.5 × 2.6 degrees in the case of the fearful face (e.g., life-size as viewed from 30 -- 35 cm distance). In both stimuli the pupil was 0.7 cm in diameter. The two stimuli were 15.5 cm apart.

Procedure {#s4c}
---------

The procedure was the same as that used in Experiment 1. The coders recorded, separately for each stimulus and each trial, the number of orienting responses and the total fixation time (interrater reliability for 10% of the total participants, Cohen\'s kappa = .87 for the duration of fixation and .89 for the number of orientations).

![Stimuli used in Experiment 3.](pedp4-2_f2){#F2}

Results and discussion {#s4d}
----------------------

Preliminary statistical analyses showed no effects of order of presentation. As a consequence, data for each condition (happy vs fearful face) were collapsed across this factor. Two separate parametric tests were performed to compare the average total fixation time for each stimulus (fearful vs happy face) and the number of orientations in direction of each stimulus. Newborns showed significantly greater total looking time at the happy face (*M* = 57 s, *SD* = 18.5) than at the fearful face (*M* = 46 s, *SD* = 8.8), *t*(11) = −2.8, *p* = .017, but they did not orient more frequently to the happy face (*M* = 21.5, *SD* = 8.7) than to the fearful one (*M* = 19.7, *SD* = 7.6).

In contrast to the negative results found in the previous experiments, in Experiment 3 we obtained evidence for a significant preference to look for longer at a happy face than a fearful one.

GENERAL DISCUSSION {#s5}
==================

In Experiments 1 and 2 we found no evidence that newborns can discriminate, or prefer, a fearful expression as compared to a neutral expression. This is despite the fact that the fearful expression contains wide eyes and a semi-open mouth, features that may have enhanced the salience of a face. However, when we compared a fearful expression to a happy one, newborns looked significantly longer at the latter. This preference for a happy face also demonstrates that newborns are able to discriminate happy from fearful expressions. These results go beyond the previously contradictory evidence on newborns perception of facial expressions to show that at least some facial expressions are discriminated and preferred over others.

These results potentially inform two strands of theory about the early development of facial expression perception. One idea is that perception of facial expressions is acquired through experience, and the perceptual dimensions relevant to different expressions are gradually discovered and used to differentiate perceptual inputs and associate them with different responses and consequences ([@R21]). According to this general view it is not surprising that happy is preferred, even from the first few days, since this facial expression is likely to have been present for most of the time that face-related stimuli were present in the newborn\'s visual world. Early perceptual learning is therefore likely to acquire this expression first, and even possibly before a neutral expression. Effects of early experience on vocal expressions of emotion have already been described in newborns ([@R17]).

Another theoretical direction discussed earlier concerns cognitive neuroscience evidence for a rapid subcortical route sensitive to faces. In adults, this route is most sensitive to fearful expressions, possibly because of the wide eyes displayed in this expression ([@R28]). One specific hypothesis is that this pathway may lead to aversion of fearful faces even in newborns. This prediction was not confirmed. Another hypothesis is that the subcortical route has a more general face detection role in infants and children ([@R10]). This hypothesis is supported by functional MRI evidence that the amygdala is equally activated by neutral and fearful faces in children ([@R26]). According to this hypothesis, fearful and neutral expressions both equally activate the subcortical route that may influence newborns face-related preferences ([@R10]). Since these stimuli both activate the subcortical route they are both categorized as being the same kind of thing in the external world, and are therefore treated equivalently by the newborn. But, how are we to reconcile this view with the preference for a happy expression found in Experiment 3? It is important to note that while infants looked for significantly longer at the happy face as compared to the fearful one, they did not orient more frequently to this stimulus. Since orienting measures may better reflect the biases within a subcortical route ([@R10]), a possibility is that the longer duration spent looking at the happy expression reflects experience acquired over the first few days. Orienting measures are likely to better reflect activity in subcortical pathways than fixation time since stimuli in the periphery impinge on the temporal visual field that is known to feed differentially into the subcortical visuo-motor route ([@R6]; [@R22]; [@R23], [@R24]).

A further interpretation of our results relates to a recent study on the influence of the direction of the gaze on the perception of facial emotion in adults ([@R1]). In this study it was demonstrated that when gaze direction matches the underlying behavioural intent (approach -- avoidance) communicated by an emotional expression, the perception of that emotion would be enhanced. The authors demonstrated that direct gaze enhances the perception of approach-oriented emotions (anger and joy), while averted eye gaze enhances the perception of avoidance-oriented emotions (fear and sadness). According to this account, one possible interpretation of our results is that fearful faces are not preferred or discriminated by the newborns when associated with neutral faces because the direction of the gaze (i.e., direct gaze) is incongruent with the emotional expression communicated (i.e., fear). This hypothesis can be investigated in future work.

Whatever the mechanisms underlying the preference for happy expressions that we have observed, our results contribute to the growing body of evidence that, within the first few days after birth, newborns are sensitive to the characteristics of faces that are likely to maximize their chances of interacting with other conspecifics ([@R10]).
